Introduction
The ongoing eruption of the Soufrière Hills Volcano, Montserrat, West Indies ( Fig. 1) provides an unprecedented opportunity to understand the hazardous, often catastrophic, events that transport volcanic sediment into marine environments surrounding island volcanoes. Detailed information is available for both the sub-aerial and submarine deposits from this volcano. The 1995-present eruption has been carefully monitored (e.g. Cole et al. 2002; Herd et al. 2006; Voight et al. 2006 ), and we are developing a comprehensive and complementary database for the associated submarine deposits (e.g. Deplus et al. 2001; Le Friant et al. 2004 , 2009 Trofimovs et al. 2006 Trofimovs et al. , 2008 .
This contribution summarises observations of a lava dome collapse on the 20th of May 2006 from the Soufrière Hills volcano (Loughlin et al. 2006; Luckett et al. 2008; Loughlin et al. 2010) . Pre-and post-collapse sea floor bathymetry surveys and sediment core data are used to reconstruct the transport and emplacement processes involved after the pyroclastic flows generated by dome collapse entered the ocean. Comparison is made with the submarine deposits from the July 2003 Soufrière Hills volcano dome collapse (Trofimovs et al. 2006 (Trofimovs et al. , 2008 Le Friant et al. 2009 ), which was the last major dome collapse from this volcano prior to May 2006. The May 2006 collapse was much shorter in duration but more intense than in July 2003 (Loughlin et al. 2006) . This difference allows us to investigate how source conditions affect the resulting submarine deposits.
Geological background
The island of Montserrat lies at 16°45′ N, 62°10′ W, within the northern section of the Lesser Antilles Arc in the Caribbean Sea (Fig. 1, inset) . The island is 16 km long and 10 km wide and comprises three volcanic massifs, two of which (Silver Hills, 2,600-1,200 ka and Centre Hills, 950-550 ka) are extinct and significantly eroded . The South Soufrière Hills-Soufrière Hills massif shows evidence of volcanic activity going back at least 170 ka and is the location of the current eruption. The current eruption of the Soufrière Hills volcano on Montserrat has been the most destructive event in the Lesser Antilles volcanic arc since the eruption of Mont Pelée on the island of Martinique in 1902 (Kokelaar 2002) . The South Soufrière Hills-Soufrière Hills volcanic massif had been volcanically inactive for an estimated 350 years when, on the 18th of July 1995, phreatic explosions began on the flank of a dormant lava dome situated within English's Crater, a 4,000-year-old collapse scar. The extrusion of a new andesitic dome started some 18 weeks later. Over the next 60 weeks, lava dome collapse, pyroclastic flow activity and one episode of violent explosivity filled in the old crater.
Devastation was brought to the island in 1997. Major dome collapses generated pyroclastic flows, which left thick deposits over the main port and capital city of Plymouth. The island's airport was buried by ash and debris; homes, vegetation and livelihoods were destroyed over large parts of the island. Nineteen people were killed and several injured on June 25, 1997, as a direct result of the volcanic activity .
Since it began, the current eruption has been characterized by protracted periods of andesite lava dome growth and collapse, forming block-and-ash pyroclastic flows. The proximity of the volcano to the ocean has led to >75% of the eruptive products being distributed into the sea (Le Friant et al. 2009 ).
On 12-13th July 2003, the largest lava dome collapse in recorded history occurred, involving ∼210×10 6 m 3 total collapse volume, which avalanched eastward down the Tar River Valley (Fig. 1) (Herd et al. 2006) . Pyroclastic flows large enough to reach the sea caused additional hazards; pyroclastic surges travelled up to 3 km across the ocean surface before dissipating; phreatic explosions resulted from the instantaneous boiling of sea water when the hot pyroclastic debris reached the ocean and drove hot ash clouds back inland, burning vegetation and depositing thick layers of ash; and the impact of millions of cubic metres of debris avalanching into the ocean generated tsunamis that caused damage on neighbouring islands (Edmonds and Herd 2005; Herd et al. 2006) .
On 20th May 2006, another major dome collapse occurred, resulting in large pyroclastic flows being transported into the sea via the Tar River Valley (Loughlin et al. 2006) . This collapse resulted in significant new deposits off the eastern coast of the island.
Methods
This study uses real-time sub-aerial observations of the May 2006 dome collapse, together with submarine geophysical surveys and core samples collected during the JC18 research cruise on the RRS James Cook (3-16 December 2007; Fig. 1 ). Pre-event bathymetry was collected during the JR123 research cruise of the RRS James Clark Ross (9-18 May 2005).
JC18 bathymetry
A high-resolution EM120 swath bathymetry survey was recovered off the eastern coast of Montserrat. The survey equipment generated 191 across track beams within an angle of 150°. The ship was travelling at an average 2 ms −1
, and water depths ranged from 300 to 1,200 m. Sea conditions for the cruise were favourable; thus, a single velocity profile was used for conversion of travel times to depth. No tidal corrections were used, as the tidal movement was less than 0.5 m. Depth measurements have a median standard deviation of 2.3 m, which is approximately 0.25% of total depth and is very good. The maximum lateral errors are 10 m along track and 47 m across track; maximum depth error is 7 m. The data quality was very high and thus allowed gridding at 50 m.
Previous bathymetric survey data
The study region has been surveyed five times since the current eruption began: Seapony (July 1998), Aguadomar (Dec 1998 -Jan 1999 ), Caraval (Feb 2002 ), JR123 (May 2005 and JC18 (Dec 2007) . The results of the first four surveys were reported in Deplus et al. (2001) , Hart et al. (2004) , Trofimovs et al. (2006 Trofimovs et al. ( , 2008 and Le Friant et al. (2009) . The fifth survey provided new data and is part of this contribution. A British naval survey by HMS Fawn in 1985 provided the pre-eruption bathymetry.
HMS Fawn surveyed an area that included the region offshore from the Tar River Valley (Fig. 1) and provided the benchmark bathymetry that has subsequently been modified by erosion and deposition associated with the current eruption. The second survey considered in this study (JR123) identified submarine deposits formed between the start of the eruption (1995) and 2005, and the deposits formed by the dome collapse of July 2003 were identified by comparison with earlier surveys (Trofimovs et al. 2006 (Trofimovs et al. , 2008 . The third survey (JC18) collected data on the deposits that resulted from the major dome collapse on the 20th May 2006, by comparing pre-and post-collapse sea floor bathymetric surveys. Volume estimates of the May 20th 2006 deposits were generated from a comparison of gridded data from the JC18 (2007) survey with the JR123 (2005) survey of the same area (Trofimovs et al. 2006 (Trofimovs et al. , 2008 . The two surveys used similar onboard EM120 swath bathymetry systems and dynamic ship positioning, so the two datasets are comparable.
Seafloor sampling
The submarine deposits from the May 2006 dome collapse were sampled in situ using gravity core and megacore rigs; 35 cores were recovered. The gravity cores recovered up to 2.5 m of unconsolidated sediment. This sampling method was not well suited to the most proximal, coarse-grained pyroclastic deposits, and consequently, samples were recovered only within the medial to distal, finer-grained parts of the May 2006 dome collapse deposits. In some cases, the gravity coring resulted in the loss of the finegrained, upper few centimetres of sediment. However, shorter (<80 cm) megacores had good preservation of the uppermost sedimentary layers including the sediment-water interface.
The cores were split on board, logged and then put in cold storage at 4-5°C before sub-sampling on land. Samples of ∼1 cm 3 were taken for component and grain size analysis. Component abundance was determined by point counting a minimum of 500 grains of each sample. Grain size analysis used a Malvern laser particle size analyser (Mastersizer 2000) . The Malvern analyser can measure particles up to 2 mm in diameter; therefore, the samples were passed through a 2-mm sieve before Malvern analysis. Only two of the 227 samples measured contained clasts larger than 2 mm. These large particles (only four in total) were isolated and measured separately by hand.
The samples for Malvern analysis were mixed with 50 ml of deionised water with 0.05% Calgon (a polyphosphate dispersion reagent) and left on a shaking table overnight (∼12 h). The particles were kept in suspension using in-built stirrers, and the sample was pumped continuously through the Malvern analyser to ensure random orientation of the particles relative to the laser beam. Pump and stirrer speeds were constant throughout all analyses. Light obscuration was between 10% and 20%. Three measurements were taken for all samples for quality control.
The May 2006 dome collapse deposits were identified proximally without ambiguity, using seafloor bathymetry maps. Farther from shore, the May 2006 deposits were assumed to be the uppermost unit. Where available, the stratigraphy in cores at similar locations recovered before and after the May 2006 collapse (from the JR123 and JC18 cruises respectively) were compared, allowing unambiguous identification of the newly emplaced May 2006 dome collapse deposits.
Chronology of the 20 May 2006 dome collapse
The following chronology is taken from Loughlin et al. (2006) , Luckett et al. (2008) and Loughlin et al. (2010) A large long-period earthquake immediately preceded the dome collapse, which was also accompanied by heavy rain and an increase in dome growth rate during the week preceding the collapse. The dome collapse progressed through three stages. The first stage lasted ∼1.5 h (between 6:11A.M. and 7:32A.M.) during which almost continuous rockfalls and pyroclastic flows removed rock from the margins of the dome. Heavy rain and ash fall combined to cause highly erosive lahars in all drainage channels on the volcano including the Tar River Valley just before and during the early part of stage 1 of the collapse. The second stage, beginning at 7:32A.M., was 35 min in duration and involved the bulk of the collapse. During this stage, at 7:36A.M., a pyroclastic flow with two main peaks in flux was observed entering the sea off the Tar River Valley. A dilute surge cloud decoupled from the pyroclastic flow and travelled ∼3 km over the ocean surface before losing momentum. At 7:43A.M., an explosive event in the crater produced a vertical steam and ash plume approximately 17 km high. Concurrently, hydrovolcanic explosions at the coastline generated pyroclastic surges that travelled rapidly northwards along the coast for 3 km, and 500 m back inland towards the volcano reaching a height of 168 m above sea level. No pyroclastic flows or surges were observed towards the south. During stage 2, a 1-m high tsunami was recorded in the Deshais Harbour and Les Saints in Guadeloupe, and swells of 30 cm were recorded on the southeastern coast of Antigua and western coast of Montserrat. Intense pyroclastic flow activity ceased at 8:07A.M., signalling the end of stage 2. The level of activity dramatically declined in the third stage. Two discrete pyroclastic flows were observed reaching the sea at 8:25 and 8:35A.M., but activity was almost at background levels by 9:00A.M..
Pyroclastic flows carved a channel approximately 500 m wide through the pre-existing Tar River Valley delta (Fig. 2) . The channel was partially infilled with pyroclastic flow deposits during the waning stage 3. The pyroclastic surges associated with littoral explosions deposited up to 0.5 m of ash on the delta and eastern flanks of the volcano, north of the Tar River Valley and as far as Spanish Point (Fig. 1) .
The volume of the lava dome calculated on 18 May 2006 using ground-based LiDAR was 101×10 6 m 3 bulk (Jones 2006) and 85.2×10 6 m 3 dense rock equivalent (DRE) . The total collapse volume, including incorporated older dome remnants and crater wall rock, was estimated at about 115×10 6 m 3 bulk and 97×10 6 m 3 DRE with an error of about ±15%, using estimated extrusion rates and photogrammetric assessments Loughlin et al. 2010) . Montserrat Volcano Observatory staff used Real-Time Seismic Amplitude Measurements (Endo and Murray 1992; Brodscholl et al. 2000) and seismic velocity to assess the collapse volume as a function of time (BGS unpublished data). This method has been successfully applied to previous Montserrat collapses in 2000 (Carn et al. 2004 ) and 2003 (Herd et al. 2006) . Analysis of the total volume removed as a function of time suggests that ∼10% was removed during stage 1 (6:00 to 7:32A.M.), 47% during the first peak phase of stage 2 (7:32-7:45A.M.), 39% during the second peak phase of stage 2 (7:45-8:07A.M.) and 4% during stage 3 (8:07-09:00A.M. 
Submarine pyroclastic deposits from the May 2006 dome collapse
Sea floor morphology at the base of the Tar River Valley A large embayment in the submarine flanks of the volcano is visible in the JR123 and JC18 bathymetric images (Fig. 3a, b) ; the embayment is infilled by hummocky terrain that fans out towards the east. The embayment is the submarine extension of the sub-aerial English's Crater (Le Friant et al. 2004) , which contains the vent for the current eruption. English's Crater was formed by two large-volume landslides at 3,950±70 and 1,940±35 years ago (Roobol and Smith 1998; Boudon et al. 2007 ). The hummocky terrain within the submarine embayment largely comprises the debris avalanche deposits from these two landslides (Le Friant et al. 2004) , together with pyroclastic deposits from the current Soufrière Hills eruption (e.g. Hart et al. 2004; Trofimovs et al. 2008; Le Friant et al. 2009 ).
The 2005 embayment around latitude 16.72°N. This ridge extends approximately 7 km offshore and is best developed 4 to 7 km from shore. Trofimovs et al. (2006) and Le Friant et al. (2009) reported that this ridge is predominantly the product of the July 2003 dome collapse from the Soufrière Hills volcano. This feature has been partially obscured in the 2007 bathymetric survey. The current seafloor morphology exhibits a new near-linear, east-west trending ridge at latitude 16.72°N (Fig. 3b) . Close to the shore (longitude 62.135°W to 62.12°W), the ridge has a central depression bounded by two topographic highs (Fig. 3b) .
Morphology (Fig. 5) illustrates how the submarine pyroclastic fan has developed. The 2005 surface shows a tapering, yet evenly distributed, pyroclastic layer independent of the steep sea-floor gradient in the proximal regions and shallower distal slopes. Deposition occurred on slopes of at least 11°. The layer between the 1985 pre-eruption bathymetry and the 2005 survey line is an amalgamation of deposits emplaced between these two dates (Deplus et al. 2001; Hart et al. 2004; Trofimovs et al. 2006 Trofimovs et al. , 2008 Le Friant et al. 2009 ). We use the 2005 survey data herein to clearly define the base of the May 2006 deposits.
The May 2006 dome collapse deposit is restricted to slopes of less than or equal to 7°. The deposit reaches a maximum thickness of 54 m, 4 km from shore, in a region of marked slope change (from ∼11°to <7°). Farther down slope, the deposits form a tapering wedge. The limit of geophysical resolution of the May 2006 deposits ends approximately 7 km from shore. Therefore, the length of the imaged constructional feature is ∼3.5 km.
North-south cross-sections (Fig. 6 ), approximately parallel to the shoreline and normal to the transport direction, show the distribution of pyroclastic deposits with distance from source. Close to the shore (e.g. Fig. 6b ), the majority of the deposits are within the boundaries of the submarine extension of English's Crater. The May 2006 deposits, at this point, consist largely of two bathymetric ridges bordering a distinct linear bathymetric low. This channel structure is over 2 km in length and runs parallel to the inferred transport direction (Fig. 4) . At some points, the axis of the channel lies below the pre-existing (2005) sea floor (Figs. 4 and 6b) . Approximately 3 km from the coast, the southern margin of the submarine extension of English's Crater decreases from 75 to 50 m above the internal crater floor, at which point the current eruption products overtop the scarp (Fig. 6c) . At this point, which also corresponds to a break in slope, the May 2006 deposits are thickest. The deposits thin with distance from the shore (Fig. 6d) (Fig. 7) . Coring was focused within the Bouillante-Montserrat graben, a fault-bounded basin southeast of Montserrat (Fig. 1) , within which the majority of the Tar River Valley pyroclastic flow deposits are located. The May 2006 deposits comprise a complex series of beds that cannot be correlated between cores, some of which are only hundreds of metres apart (Fig. 8) . They are predominantly confined within the Bouillante-Montserrat graben. The thickest, coarsestgrained deposits are found within the graben axis, and the deposits become thinner and finer grained towards the margins (Figs. 8 and 9) . Cores from the centre of the graben contain fewer beds than those at the graben margins, where multiple finer grained beds are commonly preserved (Fig. 9) .
At the most proximal cored location within the centre of the graben, JC18-07-M (Fig. 10) , a short (26 cm) core intersected two beds separated by an erosional contact; the uppermost bed has an inversely graded base, whereas the base of the lower bed was not intersected. Both beds have a normally graded top, range from poorly to moderately well sorted (1.54-0.68 σ ϕ ), and consist predominantly of sand (1.75-2.5 M ϕ ) at the base and fine sand to silt (>3.0 M ϕ ) at the top. Crude planar laminae occur in the uppermost bed. The components comprise unaltered andesitic lava dome fragments (70 vol.%), hydrothermally altered andesite fragments (15 vol.%), angular hornblende, plagioclase and subordinate pyroxene fragments (14 vol.%) and 1 vol.% bioclastic grains incorporated from the substrate. Cores recovered along the graben axis preserve between one and six beds (Fig. 8) . Little variation in components and component abundances, a lack of consistent sedimentary structures and significant differences in bed thicknesses make it difficult to correlate between cores. For example, cores JC18-08-B and JC18-33-B are located just 560 m from each other; yet, they exhibit significantly different stratigraphy. Six beds are presents in JC18-08-B, and they overlie two units from earlier Soufrière Hills collapses that were identified in cores previously collected during the JR123 cruise in May 2005. In JC18-33-B, there are only two subunits, and they are significantly thicker than their counterparts in JC18-08-B. However, the basal subunit in JC18-33-B overlies an erosive contact and other subunits may have been originally present but eroded away.
There is a single, 50-cm thick deposit in JC18-10-M (Fig. 11) , taken adjacent to a core site (JR123-8-V) from the JR123 cruise. The pre-May 2006 stratigraphy comprises two volcaniclastic turbidites, with a total thickness of 16 cm. These deposits resulted from the July 2003, and possibly the July 2001, dome collapses of the Soufrière Hills volcano (Trofimovs et al. 2006 (Trofimovs et al. , 2008 but have apparently been replaced by the single, 50-cm-thick unit present in JC18-10-M. We infer that the older volcaniclastic deposits and possibly underlying hemipelagic sediment were eroded by and incorporated into the May 2006 dome collapse deposits.
At the most distal core site (JC18-12-M; Fig. 12 ), approximately 43 km from the Montserrat coast, four finegrained, centimetre-thick volcaniclastic units are preserved. No cores have previously been collected at this location, so we could not unambiguously determine whether the lower most subunit is the deposit of the May 2006 dome collapse or the previous July 2003 dome collapse of the Soufrière Hills volcano (Trofimovs et al. 2008) . The units are all normally graded and have erosive scours at their bases. They are poorly sorted (1.12-1.68σ ϕ ) and consist of fine sand, silt and clay (2.0ϕ to <10ϕ; median diameters <4ϕ). Millimetrescale planar laminae that occur centrally within the thickest subunit are characterised by bioclast-rich (∼5 vol.% bioclasts) versus bioclast-poor (<1 vol.% bioclasts) laminae.
At the western edge of the Bouillante-Montserrat graben (Fig. 9) , there are multiple centimetre-scale fine sand and silt units. Erosional contacts are common, as are planar laminae and rare cross-laminae. Core JC18-32-M is situated within a saddle between two seamounts on the eastern 
Volume of the May 2006 medial to distal submarine deposits
Using an isopach map based on the cored thickness of the May 2006 dome collapse deposits, we estimate that 90× 10 6 m 3 of sediment was deposited downstream from the proximal pyroclastic ridge (Fig. 7) . This estimate is a minimum as the most distal parts of the deposits were not intersected and it is expected that a percentage of the finest grains were removed from the study region by ocean currents prior to deposition. Therefore, the submarine deposits from the May 2006 dome collapse have a bulk volume of ∼130×10 6 m 3 (90× 10 6 m 3 medial to distal and 40×10 6 m 3 proximal). This equates to ∼109×10 6 m 3 DRE, using a measured average clast density of 1,900 kg/m 3 and average submarine sediment density as 1,600 kg/m 3 (measured when dried).
Discussion and interpretations

Seafloor morphology
In the proximal part of the pre-eruption fan, successive dome collapse deposits have filled in a depression, which we identify as the submarine extension of the Tar River Valley. This depression lies within the deep channel described by Deplus et al. (2001) and identified as part of the scar caused by the two flank collapses that created English's Crater approximately 3,950 and 1,940 years ago (Roobol and Smith 1998; Boudon et al. 2007 ). The submarine volcaniclastic deposits do not extend laterally beyond the constraining scarps of the depression but form a constructional ridge on slopes up to 11° (Fig. 6 ).
Transport processes: proximal May 2006 deposits
The most proximal submarine May 2006 deposits consists of two parallel ridges separated by a topographic low, interpreted as a channel-levée morphology. The submarine channel lies directly downstream from the erosive channel on the sub-aerial pyroclastic fan at the base of the Tar River Valley. The submarine channel is more than 2 km long. In places, the channel cuts down into the pre-May 2006 seascape (Fig. 4) . In other areas the central channel appears only to be a region of non-deposition. The well-defined channel with straight, steep-sided levées, combined with no evidence for deposition outside the levées is characteristic of high-concentration granular flows (e.g. Nairn and Self 1978; Ui et al. 1999; Calder et al. 2000; Amy et al. 2005) . The levées reflect the height of the flow at peak flux (Felix and Thomas 2004) . The central depression forms by draining of the flow in the later stages when supply wanes (Felix and Thomas 2004) , in this case to be deposited down slope as the high relief ridge. Earlier small-volume, sub-aerially emplaced dome-collapse deposits from the current Soufrière Hills eruption also produced Fig. 9 Correlative stratigraphic logs for an east-west transect perpendicular to the main transport direction. The number of beds increases towards the graben margins. Inset map shows the location of the transect steep-sided lobate deposits with well-developed levees (Cole et al. 2002) . The 3.5-km-long ridge occurs downstream from the channel-levee facies, at a break in slope from ∼11°to 7°. The ridge is ∼1 km wide at its widest point and tapers towards its distal reaches. The lack of lateral spreading on the unconfined shallow slopes may provide further evidence that these were formed by high concentration granular flows. We were unable to core the proximal May 2006 pyroclastic ridge.
Transport processes: medial to distal May 2006 deposits
The cored medial to distal May 2006 deposits preserve multiple beds. The bases of the beds overlie erosional contacts have the coarsest grain sizes and are commonly massive. The central to upper parts of each bed are normally graded and may include tractional features such as planar and rare cross laminae. The medial to distal deposit is more extensive and tabular in morphology than the proximal deposit, although predominantly confined within the Bouillante-Montserrat graben.
The well-developed vertical grading and tractional structures are indicative of deposition from a progressively aggrading turbidity current (e.g. Kuenen 1966; Allen 1971; Kneller and Buckee 2000) . The fine-grained planar to ripple cross-laminae in particular are typical of Bouma divisions b and c, respectively (Bouma 1962) . However, the presence of multiple turbidite subunits, together with the variation in the sedimentary structures within the subunits, are indicative of complex dynamics.
Origin of multiple subunits
The formation of multiple turbidites can be attributed to flow reflection off the graben margins, deflection of the primary current around seafloor topography, and (or) multiple turbidity currents being generated by the original collapse into the ocean. The period of peak collapse conditions, which supplied the bulk of the submarine deposit, had a duration of 35 min. During this time, there was continuous entrance of pyroclastic flows into the ocean, although in the form of two pulses. These two pulses of high flux could account for two separate, relatively large turbidites. Small-volume pyroclastic flows in the waning stage (Stage 3) of collapse may have produced additional, somewhat smaller and less extensive turbidites. It is likely that some of the turbidites resulted from current reflection. The number of turbidites increases towards the graben margins (Fig. 9) , and in these areas, the turbidites are thinner and finer grained than in the central graben. Kneller and McCaffrey (1999) described the finer grained, more dilute upper part of a turbidity current decoupling from the denser basal section, and running up the margins of confining topography. The dilute current loses momentum and collapses back into the basin forming secondary currents perpendicular to the basin margins. We envisage similar processes affected the May 2006 turbidity currents.
Current deflection (Kneller and McCaffrey 1999; Kneller and Buckee 2000) around an obstacle could result in current separation and the deposition of multiple subunits. Upstream of the obstacle, the current experiences rapid deceleration and sedimentation is likely (Kneller and Buckee 2000) . Downstream from the obstacle, the current, or part thereof, may diverge from its original course or separate according to density and velocity. Le Friant et al. (2004) imaged megablocks within the Bouillante-Montserrat graben several ten's of metres high. Turbulent flow over and around such rough topography would affect current velocity and density.
Deposit volumes
A bulk volume of ∼115× 10 6 m 3 was mobilised during the May 2006 dome collapse, the majority of which was deposited into the ocean. A small proportion (∼4-16 vol. %; Bonadonna et al. 2002) of fine ash was lofted into the atmosphere. Of the volume that entered the ocean, 40× 10 6 m 3 remained within the proximal area, and 90×10 6 m 3 was deposited medially to distally (equating to 130× 10 6 m 3 of sediment or 109×10 6 m 3 DRE). Therefore, the submarine deposits have a larger volume than that removed from the dome by collapse. The additional volume was likely derived from erosion and incorporation of underlying strata on the flanks of the volcano and within the Bouillante-Montserrat graben. Erosional features are present in the proximal channel-levee system, and more distal cores, such as JC18-10-M, exhibit significant erosion at the base of the May 2006 deposit. Bioclastic components within the May 2006 deposits provide evidence for the erosion and incorporation of hemipelagic sediment. (Edmonds and Herd 2005; Herd et al. 2006 ): (1) initial low-volume pyroclastic flow activity that undermined the central dome complex; (2) 3 h of increased pyroclastic flow activity, feeding large discrete pyroclastic flows into the ocean; (3) peak collapse conditions involving 2 h and 40 min of semi-continuous pyroclastic flow activity that removed ∼170×10 6 m 3 from the core of the dome with an average flux of 1×10 6 m 3 /min; and (4) small-volume, slope stabilising pyroclastic flows that occurred for several hours after the main collapse. The submarine deposits resulting from the July 2003 dome collapse comprise two linear, steep-sided proximal pyroclastic ridges extending 7 km from the shore (Trofimovs et al. 2006; Le Friant et al. 2009 ). Propagating from these proximal lobes was a single turbidite that extends across the Bouillante-Montserrat graben (Fig. 1 ) (Trofimovs et al. 2008) .
Although smaller in volume, the May 2006 dome collapse had a higher pyroclastic flow flux into the ocean than the July 2003 collapse. The greater flux may account for the fact that the May 2006 turbidity currents deposited a greater amount of sediment farther from the shore, when compared with the 2003 collapse. The proportion of May 2006 deposit within the proximal ridge, compared with that deposited more distally is 30% proximal versus 70% medial to distal. In contrast, the July 2003 dome collapse (Herd et al. 2006) , deposited 70% of its volume proximally and 30% medially to distally (Trofimovs et al. 2008; Le Friant et al. 2009) (Table 1) .
The high-concentration submarine flows that formed the proximal ridges during the May 2006 and July 2003 collapses both deposited the largest and densest blocks up to 7 km from shore (Trofimovs et al. 2006) . Previous studies of the on-land products of the current Soufrière Hills volcano eruption show that the sub-aerial pyroclastic flows contain approximately 50 wt.% blocks and lapilli and 50 wt.% ash (Cole et al. 2002) . Samples of the proximal ridge deposited during the July 2003 dome collapse are extremely fine-poor, implying that the majority of the fine (<2 mm) particles were transported distally (Trofimovs et al. 2008) . The finer grained, sand to silt-sized particles are largely accounted for by the more distal turbidites. The high proportion (70%) of fine-grained distal deposits associated with the May 2006 collapse might reflect the high energy of the collapse. The high-energy collapse produced a larger volume of fine particles than the lower energy collapses previously observed on Montserrat (Cole et al. 2002; Herd et al. 2006) .
The high momentum of the submarine turbidity currents is indicated by the presence of two May 2006 turbidites ∼200 m above the Bouillante-Montserrat graben floor (core site JC18-32-M). The deposits exhibit a sandy base overlain by planar laminae and a silt-rich top. The coarser-grained base and presence of tractional sedimentary structures suggest that the turbidity current ran up the steep topography to the elevated depositional site, as opposed to being the deposit from a dilute flow inflated to a thickness equivalent to the height of the saddle between the seamounts. Trofimovs et al. 2006 Trofimovs et al. , 2008 . The high volume flux into the ocean together with rough sea floor topography produced the multiple beds via flow reflection and deflection.
